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(54)Title: SiC ELEMENT AND PROCESS FOR ITS PRODUCTION 



An clement of silicon carbide (SiC) of a wide band gap semiconductor material, which can 
be applied to semiconductor devices such as high power devices, high temperature devices and 
environment-resistant devices. The element is produced by heating a silicon carbide crystal in an 
oxygen atmosphere to form a silicon oxide thin film over the surface of the silicon carbide crystal 
and etching the silicon oxide thin film. A process for producing the silicon carbide element and the 
sinele crystal thin film is also disclosed. This SiC element has a patterned surface having a step and 
a terrace and a surface defect density of below 10' cm 2 , or has a laminar structure in which at 
least an n-type silicon carbide crystal is formed on an n-type Si substrate surface. 
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©*ifi^/=*<x flfe®4H,3C^OSiCT?t>WS(l"e*t)^ «ffilco^T fc(000 
10 1)95 KB* feCDTf little i*«BLfc, 

C©<k ? IC LT»fifc*nfc»Mlil*> ^R6S^*<1x10 8 cid" 2 ^TT' 
**Ct*<ESR (iU* h o h°>UV^>x) SIJEirJ: o TUB* 

tltlo 

(Hife^J2) 

oOUffi^^^to ^ — ©yotXi LTn 6H-SiC(0001)[B : 4 Koff 
©i*;U**--eixl0 16 © K-X*fI^^^:o C©li^©SiC^^^© 

L^a5^«affi3&>&80nmgfie©«!$©65^T?*o^o d©»^ 1**IT 

2 6 
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tf*mw<Dmm^&ntfmtoizmtm*<i&f&ztiizo k-x« • sic® 

VOjy&ji^^ ^Ttt < 150keV <D ft k20keV<Dm& tm&£> K-X 
*-eMfeTfT9 C <h{;:<k9MKJ?^280nmcDMJ?©®MfcJ^*§S>*t£ - 
i tffitlgLfco C CT«6H-SiC{co^TO^^^Tr*<flk©4H, 3C^OSiC 
ttf^*^ a®{--^^T t (0001)®KR5£ 

7 y®?£40voL*7 v4tT <5 A7R7g?&<D (flj;ttfl:6) m&foT'ig 

ZCDXolz LXMl&Ztltzmfr&miU ^RSSS7&<1x10 8 cid" 2 ^TT' 

15 tlTte 

(ISifeflJ 3 ) 

*7jk~?o m— O^o-feXi Lt> 6H-SiC(0001)S : 4 gof f Si®©#ife 
20 ^-T?5xl0 16 © K-X*rrS&X>*:o C©«&<Z>SiC|*i&it»<Z>iT5&* 
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i'telHSfefll l ©^-f ;* ytt^&Asti^&t air- iS[LTV^ 0 c c 

li -f * > © .x. * ;b - * < 3 0 k e V <D m & £ & ti t < * © |b a T * ti 

(i'W^u-®?'fbM^)i£^n^o K-xst • sic©ia^tj*iiife^jja^T' 

10 tt < 150keVOjT^ii«^^a^TfTe> £ ticX 0 Mf£J¥l*280nni©I^J¥© 

ti<m<OW.3Cm<DSiCX'bm%}-e$> ^ ^®t:ioV*-r&(0001)©Kl©£ & 
(DT-ti^^C i^SitSLfco *HJfe^2 — 3 i:»1»Tn ©9*o-trx 

15 «k -5 KSMbl-J: f?Se<kli3g©«k 9 tt&ifei'&l £ £^©£9 KM 

^Siif^lf'fbii^^^^^ti^o cock 9 icLTJ&JiRStifciMfcBS 
£©£9 iaTi6£$n^IIIi, ^K6^Jg*<lxl0 8 cm" 2 JaT-e 
25 (^m^J4) 

2 8 
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2 Izj&^tzZt < g?m^-f*>rr^ii^ ttz a 30keV<Di*;U^-<i:150 
keV+30keV<D^MfT 3 tltzUft* ^tl-etl5mmft ©l£ £ Tifl£J?£ L 

o >T3*->tT"&&*© K-X»13\ 30keV©fT "5 &<*■©*#£•& lxlO 16 ion 
5 s/cm 2 ^ SOkeV+lbOkeVtD^mtT^ii^^^^ti^tl^nOi^^^-T- 
lxlO 16 ions/cm 2 iLfco - ©-f * >tt*>&& £ tltLgHlMMMW^ 

tt^M^U-te30nin®J¥£x 30keV^ >fT^i**0^»Ctel5Onnu 30ke 
V+150keV^f^- >fT^iA^^^c{c{i280nm©i¥^©SiO 2 J^*<Jfcfi!c£ tUc e 
10 - <D><9 - Wt* tlfcKffcRfcllifcfll 2 t W\me>>< v 7 r — v WtWk 
miz JROm < £> *tl*:tl 60nm, 120nm<O#S£<Z>5mnift<D'** - 

15 ntz 0 

<Dmitm&nmm2 tmm<z><v 77-K7 ^ge&sick om$i&< £ 
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10 $nfc 0 

£"f> Si (001) [HOD^lSUr 4Jg-offcut g^£MBE^©F«3K3?AU 
15 10~ 9 Torr£JT©^K£T^900TJa±Kflnl&U R^m^lfiJ^TCRef lec 
tive High Energy Electron Diffraction:BHEED)tS^»C«fc 9 Si(001)(2x 

i) &mmmm&mm * n * sm#^® £ jf^s l ^ g 

£ C -e ttSi»«* W*£*T?t)DJ!& L TSi(001)2xm^S^^ L ^ 
m£^tel0~ 6 Torr£(T# £?t*§KbT*£ * ^S(C{g»^CD7K^^ 
20 x^fflm^T^M^-fbt?^ £ C £*lKBLfco £ftck t> kJg^M^tDii 
£fcU ^^b^-^Hljf-SiC^^y^AjcSi^SJc^^^nTLt^. ^ 
rux-t°?*i/* )\s&.&*m— K'rfo C i^m^^^o £*ix »D^-e« 

3 0 
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5 cofg]£T% m^lRSRM^O^I&M^Jix 8kV.100nASS3&<«^t?*o 

z> bo-vitta^o mT,vi±<oumfr*m.m*&i&Lmt'?z> tsic/si 
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©W^*t:C 2 H^(0^ xtK©^i!I£lxl0~ 7 Torr£U:&*&-r S 
SiS^BO^C^^C Sig^®©X^-y 7^Pfe*^iRtt©S 

15 si£S(i N ^©#u&&gttoo#&$n> 80(ncfit±©#fi«ii 

-em— ©^a-trXC^^b^S^^^tl^o C©iii^ ±t2offcutg&£ 
x x f >y y x 7 y I : ¥ It <i K 51 « 2 IS ??'J © P ^ ISI i n XT^y^-y 
® *X«K*<Si (001)31® i BHBRiC L TSi [110]*<«* Wt+ * 

r.ft®**>*-^^t-fesfc*, si [no] ©ir^j© a Ast) 

**fii.^J:»)8fte«*t*c:i*<lti^ i^j-^3C-SiC(001)/Si(001 
±fSN^[SjiCSi[110]m^'J©JR^*^^^'SC f5. 3C-SiC*Sf^©[110] 
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©Si(T)C(±)^|S]^N^Inj«?:— m-tZo 
m—<D -f o -b x SiS«ti800 c Ci^±Si© Hi^mT^laa * 

0~ 1 00(TC © fel © ti 500^ /#£IT20 , C /^JSJl± © i5H T- * n«\ 

^<^^— O^ntXli. 1 0" 7 Torr£TF©iSJI^TT'?T ? £ y-> -f 
ntat* -a /Co 

^(cEHEEDtCfc 19 t&Z&'J£ftT*i«3> -< > If >T * a - (in-situ)##r^frfr 
tlT^So 3C-SiC(001)S!cS*Slc«|&$na C/Si 3C-SiC(001) 

*!l»J5fcg) o 3C-SiC(001)(3x2)3cffiM\ Si-terminated ^©(CilfiJttSi 
ISC?*<tt;to*tt;fcl«i££WU C/Si=l©SiCO^jg(wJt-<TSiiiiiii/j:S 
iSiittotOSo C<DS®$iJt&Utdcftfc <£6 3C-SiC(001)3?®cDfdc:gte> 
^(cSiiSPJ/i:^®^t»SiM^7&^*&$nS7i:ie>. Si(±)C(T)©^|Sj^ 
20 ©JiK&WBttttfw&c: *JteSt4*<c:©^|S3^J; 0S< idcS-T^o 

at4<Z>«*fifcfi#|6|*< off-cut IS»f7Xli:I(i«ol^ 

i&SJfcUciifTU ^^{c^ffi©3C-SiC#^ B s a 05!<:S*<'#t>n'So — 2f 
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— X K y -< >ti^lc#o Ti^lT^< <t#x. btl^o ±IB> off-cu 
t ^B©|iHbK:£oT^/&£ft£3C-SiC ©MH^ti Si(T)C(±)//N 
^fS]T-*>^ /c*< % :oia H B Jfil^ f7Xj:®i^S^ILfc Si( 
5 ±)C(T)//P2rlRJi-ife-a-*o ±te^btoa<hi!®ftJ3!Jf&g£ 

3c-sicm»aw»3&<»&n4o 

El 9 ^KSEftJffllfiRK* 3 Btfelfr o fcl00nm|gJE©m*B3C-SiC(001) 

15 &*J&fifcLfco 

Ell 0 Afc. *%B«6D i K-fba**K©JeBJc*&l-J:*100niD»©#ffi3 

*Hife^{w*J^Tlix M^tt^rW-r^SiCOODS^i LToff-cut»« 

mm-cb&i<^ off-cut ©^fsj^ciioi^-fsji-®^ < >. ciio] 



34 



WO 97/39476 



PCT/JP97/008S5 



Si[110]^|n]<h 0~3 OJg©iGffl©^J£T'*S 3 ttm* l^c 
5 ^HJfeWcfc^Ts off-cut ©8^l*4JgT'^ X©l!l§^22nmi|Ig-e 

&^rt:;&^\ off-cut ©&j££g>fb£-£T-r7 x*I£^;lT^ t^X*! 
rt<0. 5nm~100nm©$GH-e(i> £flF nc#^03C-SiC^^^j^*<^ 

f?3fl(anti phase boundary :APB)£^if 2 "7 x -XOiii o *: 0 

#0IJfe0»U£:i3^TkU «tt&te&35£&**#*&LTSiC(001)*fi5g 
$ -£6 ^n-t? t^T^ 3C-SiC(001)^®#K3x2)©^®??E?y£-W L 

Si ^ — ^ ^ -r KOODMi^ftftiSi^aEt-SSiiSillttSffi^fiJ^ L 
15 TJ«S*#fco.*iBSEW^Siai!|ttft©||EW«iat(5x2).(7x2). • • 
(2n+1.2) (nfie^CIEOlg^) *fii«F^* J:--5 S -arfcW^ fc* 

56Bjli^TJftT?*.o^ 0 t.fz^ Si*-S*-f h (001)S®T?*^(2xl)^® 
TfcW^-^r^o^o Si«i!lttSffifc:fct*TSi/C#£Jfcli % 1j^£2©*q 
S^*ii^T'*^o Si/Cik^-2Ja±{c-r5 SiCMnl;: Si 
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i/Clt©#Jf8ncoi,>Tte> 3C-SiC(001)<Z>ii§£<i:lii£-e\ C«SJtt&®*<3 
C-SiC(lll)CD^g{c(i^LTfcl9, SiiifiJOli^fi. 3C-SiC(lll)S® 
K3C-SiC(001)7 r-fe v h *^ft^E©?i!ft*<fSJ6 £ *U SitSSti^fiR 
g-TSJi^fc^-o /Co Si/CJt(i> 1-0. 5<Digffl^i§ Lrfc 0. 5J^T 
5 T-li. 3C-SiCail)M©^®©^ftri<!£a6£ft*:o 3C-SiC(lll)ffi<Dl&g . 
SiS^#i a-SiC(0001)^®OE£^SiS^#{i. {ifi'Pl £ £ C <b £ 
*^W#««ffiLfeo o^, CiiiiJ^^®7!><a-SiC(0001)S®OE5cS 
i:(i®Ltl.^o I*-? tlZ £3C-SiC(lll) <i: PI 81 RJIH *< 

HSfe^J 6 JC'^o T100nml^Ji:©^b^^»l«:SiS^±{C^^ L 

f§^flnl?M-<fcDi30ort;:j!jnlfeU 2srmo^so7K^^x^^i- u 

XiL> IsccmCD *>-7 yiST.^ 0. 4sccidO^'o/n 0 <h IT 

15 ftlftLfco BfcSStin-^ U-*>^|cJ:e)5l^nTjs»3^ lOOTorrg 

o 6H-SiC(OO0D® : 4^off Si® ©^M^S^^ * 

&f£©^ * >^30eV©i^;U4 r --rrlxl0 16 © K- XftfT^i^ 

25 fc"o ^©^^©siCiS^^Ti^orr^^^n^^mo^^iiEii 
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&-otz 0 30keVorr-&iA^/f^-e/ < j:< 150keV©fr fclfet 

9 C <h {C J: «9 M^J»^280nmOj^ffo^bJ^*^ t> ft Z Z t h mm L 

15 ^B^o^TMOOODBt-Pg* &®-e tittle <b^«IISL/;o 

£l&B8t-£ 0 6H-SiC(000D® : 4£off Sim® J ;* 

^❖^SfcapA L >£30eVcDJL*;t^---t?5xl0 16 <D K — 

^^Ti^^o **>tt%&&iz£^^mAtsfttixmz&^T 

#Fmm<t L ^§13^ f*^®^ £ 90nmifSJg©^ £ CD ->tz 0 Z ©lj§£ 

®{w^AL^i.y bMm&mm.T'imvximmmikmm&'n-otzo z 
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^i-y h&fb£*Tofci#£©30nin < fc^*# < ii*L/c 0 C©SHb^©S 

BS'-c*ntfW»ic«ib«*^sfe$tL^o K-xe • sic©i&Kt>*^ite 

^rtfttTtt < 150keV©tt*-&&* kfifcTfT? C i Id cfc. «9Mf-¥^280nm 
©KffoK-fkSI^S&ns £ t t>«BUo dCTI46H-SiCKo^T© 
❖ ^^^:^ftfe©4H, 3C^<DSiC-e kWiSfc"?* t> v tBlCo^tfc (0001)® 
icKS tOTIitt^: <h£S£IgLjto #H«S0>J8. 9K*H^T. SS-© 

tfiiS© «k -5 tc^^fbfc J: «9 SMbgm© «fc o tt!6«« i « * 

£ -p fcBMb t:«tf) — g^b^© «t 5 tt K * { * T ;l/ 

> . ? 'J 7 h > • *-*J >^©£ 9 K£5£ttm#T- 7k^©£ 

(HSfeW 1 0 ) 

10Qcm©&t»©nS!©Si©[110;i#[R]J- 4^-offcut (001)g 
«^MBE^Srt<c^AL. 10" 8 Torr£tT©JSJJSTT900'C^±tcJ)P»L 
. RHEEDII^ K «fc K> Si (001) (2x1) IS^E WSBSfl * ft S Sirf * 
tetiZLfro C©7t^®£400°COTtw#i[JL/c&x #iai§^100S^"e 
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sic»att©sa^ri^*<a}9 c i*<«iE$nfeo cniioffcut sis^s 
a m=?-nv> p #in] t > xr-> -fx- v v tzmm-exT * ? v 

©&**K*<Si (001)*® i S*SSJfc L TSi [110] *<Jfc* t * 
10 ICJRirr*C£*<* flS-fbOS** J7-XAT-&Ztz*!>^ Si [110]©!)^ 
?iJ<D&tt 19 *<Jg^#*<.k <3 ^^{CJR*i-r§ C i*<ttl^ ^—/<£3C-SiC(0 
01)/Si(001)W®^J5JcT?^5 <t#^. t>tl5o ±fE©offcutS«*®(w 
fc^Tli N ±IBN^fn]{cSi[llO]ll^ij0iR«i3&^^(wjgC 0 . 3C-SiC 
ttS©[110]OSi('T)C(±)^|Sl*<Nj&|aii— St-TS 
15 S«fi«a<1050^K*LfcB#j&a>^ ^5g(C3!JD^TSmt^?--tr> 

•fe^^t>^^$tl7^o C<Dli£<DSi? 7 --fe >-feJKDragtl*1375°C(c^ 

ftTfc^ in-situ^#f*<fif*>tLT^So 3C-SiC(001)/&g^®fw#i£ $ 
ft* C/Si «{i N 3C-SiC(001)S®^^^(3x2)*ffi^iB^mi§^^^ 

20 G^J; o izftmznti (^EftM/dcS) o 3C-SiC (001) (3x2)31® f±. Si 
-terminated *® JCiifiJttSii^TWtra £ ft^itii^rW U C/Si=10Si 
C©ttlSKJt^TSiia*Jiteaffi<!: - 35 ItU^^c 6 3 

C-SiC(001)*®<DJ5£gkU ^{CSiiilp)J/<C*®^t»SiJp^*<^$n6/c 
i6 N Si(±)C(T)0^lRj^Ofi5cS^il^^{-^C K> P^lSNC— Ifc Lt^ 

25 *Ui\ ^ B B B |i©fi)i^f7X±T7f-y ^(Ccb-Sjffl^^Ltriiff U ^ 
g{c^©3C-SiC^^ B ^tD^g^l§t>n6o — #_tfE*£f|#fn! £ 9 0 6£ 
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. ^<xf ^ia-otfi:?il^ti^o ±iS2ii©7>f 7x- 
#otr^Lt^< £#*.£ft£ 0 ±l2x off-cut ^®©£HbK<fc o-c 

^E£^n53C-SiC CD^ H ^^(S](i Si(T)C(±)//N^fiIT* o CO 
Ma^ttiix f-7X±CD^4R^S^#^L^ Si(±)C(T)//P^lSli- 

Pig £ *U £ HJg© (20nm£l±)£l&S $ #tS03C-SiC^^ 

f^X^2LM^ 1 seem. "T* a > # X £ 0. 4sccm^A L 

ofco g^(iH$&©it--ir7 , ^±^S^^ 20kHz© KJS«©»f #»0*fc 
< k^) 1300 , CSS{Cj!jD^^ti^o fiSS^I^v v^XfclsccaiK*At 

Ell 2©«Mw. ±ga©«llcLT^fiR$nfen-SiC/n-SiBtt«it©SiCl 
21«©*lBK«Ni*« : Ftr-A3ll»L900r©*« ! a*Ar»Baft"r»^ 
«ffil28^Lfco d©«£x Sig«122li0.5 mm ©J?£T% SiC»B&121 
ti 3 0 5 9 o >©I^J?-e& o fc 0 £*1n Si#J©SffiJ-AlSi«@127^rX 

*lSiRtfSiCK*-S ^WLm. ±§2Si<H]<hSiC<HJ©H@127. 1 
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28P£K«H£^ttTI-V#te£ftiJ^-r£<!: > H 1 3 ©t£K@tt£* $ & 
\,^)-T -t£ft&fi<WlMZtitZo CttfcU SiC/SiHUBfcifc'tt 

C£DSiC/SiW®^^ttUS«k 9 K^*LT^£«$ftte^ffi£J&-f * Cttt'< 

0 Q • cmi L^*<x 1 0 2 Q • c mJsTFOiBffl-eWttHN S«f 
<£I-V1$tt*<fES!J$nyto flb©SiC/Si#E©ffl*£:b-(i- n-SiC/p-Si. p-S 
iC/n-Si.p-SiC/p-Si©»£tt N ±I2SiC/Si©I-V4*tt-*<ffitt*^ L N J? 

io (Mite^J ii) 

nmmi o i^«icn-sic/n-si«tt«|ji*^"f *&c©»tt«ai© 

**<fiffitrtttI-V«rtt*^Lx mz-ttmi 4©«k9lwC©SiC141^ffi{w 
ffi!Jt]!jn^m*j*{-<fc^^©'>3 *y h*-*ffil49*J#fi)cLrt:i's v h * 
^3*-- Kfc*5V*T* SiC/sm®*ttW5^T|Si^m«*itt.LA:i Sl-ll 

ttSLfeo -flfa©*ffiH:±gB3Site0!ll 0©«££Et-c** o .HI 5fc* 
gHLb©f'JfflqJfiBte 

^af£»fl:*t»T?** N EMtSm (SiC) -©X?&CFJ|l|&AJ9flt©&!£:& 

a*ai«-r« c ch^-e^-So #1^ *»!HttN #tfl:*ist (Sic) 
timz.i-£¥m#m=¥- • * >*-^©*^*^*^fij^r **£©»«»© 
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m # © m m 
10 ntimit&mwm&x- y-t m=<o r a •& z.&&tsn#nM i kib 

ttoSiC*^F©«!fi^j*o 

3. m— ©^uHzXK^TSiC^ffitcfT^&iSnS * 

10 14 ions/cm 2 J^±T * 2 IciHttOSiC*^ ©t5!ift^j*o 

^ - *<lkeV£*_Ll OMeVJ^T-e * S If 2 IC 8S« © SiC^ ©SS! it # &o 

6. ^— ©yD-feX(C^^TSiC^®(cfT^ii* tl* ^ >©^TWU 

7. £5— ©:/o*XK;^TSiC^®K^;* ^fr^iAfrKU SiC©iS 

g ^5oo°c t tc « ti t ^ 6 m& m 2 iz mm © sic^ © mmis m Q 

8. m— ©^n-feX(C^^TSiCS®{w>f jr>%:tt-Z>&tiZ. t \Z X *) 
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10. ^— ©^o-trXtcJH^TSiC^Blcf* >&tt*>&Ul&^ SiC^® 
lt^lI2 tcI2t£©SiCf^©®Jjg;£&o 

11. i.y^>r^S(-<l: Wb£ftfcg:M£-r-7X£J£E££ 
l&lk'fzm&mi lcIB«©SiC*^F©tHS^&o 

12. xyf >^WJT^f>f ^>ft>i7f >^ ^ft>; 'J> 
©SiC3lHP<Dttjft;&ifeo 

13. MC«o^Si»«MKK**«l&Lft**^t. % ?i»l*Sia« 
S^tm^^#ti , ^M^@«KC^-a-TSiS^®^^b$-ti-T^'fbii 

600 , C£lT©SK*5BBJc«o»*^13JgIB«OSiC* : ?-0«lig^ao 
25 15. m— C^o'-bxlcJ: t)Si»«aiBfc»)l6* *l* WBI^IKC^*^ 
20M^ilJ^T©J¥^l-^^^^^^^^^tt^iSl3{wIBiS©SiC^ : ?© 
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17. %— <D7a*xKis^Tsmmmmzmtezti&8tm : $:'£v®M 

18. m~ ©'^o -trX{cfc^T,SiS«^®©jDilft^:800 < C£l±Si©ife*l 
414 < C£TF©$GH©zgJK £ Trfr -5 f»^igl3{r iSi&<DSiCfit^©$¥i£#j£o 

19. m~<D-7a-txizls^T. Sig^B^Mn^SlgU 600 c C^t,10 

20. 4>tt< £ fe^— Ra f ^-©^ , a-fex^lO~ 7 TorrJ^T®*^'t'-e^ 

9 1 3 iz mm e> si cfg^ <d mmjjm 0 

15 MBE)ya-fex{C«fc oTff ^ ^HC^otxXlif O- SBS-fiEgiig® 
« Wfc3*3K*(CVD) "To -t? X «J: o Tff 9 lt^igl3lcf2«i©SiC^^OM 

it-t Z 7 a -b X *^t?l»*^13K:ia«©SiC*^0 Sgig^&o 
20 23. *^fc$nfcSi*E*<, Si(001)2xmS^BS3?iJ«jg^^-r 
^22KI2«©SiC^?©ail*5Efi*o 

24. Sig^^®©fjf7§Kfcy o-fe*#V 10" 6 TorrJ^T©K^*X{i7km 
^fflm*7?800^J^±^Jn^t-SXS^^trit^22(c|2«©SiC^(D 

25 25. Siaitti^Eofflf^b^a-bx^ lilSCf 
S*#t;»^22t=f2«8©SiC3R^©WiB^Fj£ <> 
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